Background
The interest in treating hip pathologies, such as developmental dysplasia of the hip (DDH), femoroacetabular impingement (FAI) and labral tears in patients without radiographic signs of osteoarthritis (OA), has rapidly increased. Wiberg et al and Ganz et al showed a link between DDH and FAI and the development of OA. 1, 2 Ganz et al further hypothesized that 70% to 90% of all hip OA is caused by abnormal mechanics. When present, these abnormalities require surgical treatment for young patients when trying to relieve pain and restore function, and when attempting to reduce risk of secondary OA in the hip.
DDH is believed to be an osseous abnormality resulting in a pathological painful labral complex and musculotendinous abnormality, eventually leading to secondary hip arthritis. 2, 3 Acetabular retroversion is described as a posteriorly oriented acetabular opening with reference to the sagittal plane, 4 and can be seen as an isolated entity but may also be seen in combination with DDH, labral lesions and cam deformity. Symptoms are caused by impingement between the prominent anterolateral edge of the acetabulum and the anterior surface of the femoral headneck junction in flexion and internal rotation.
This group of young patients with debilitating hip pain has led to the development and refinement of both open and arthroscopic procedures to address intra-articular hip
The interface between periacetabular osteotomy, hip arthroscopy and total hip arthroplasty in the young adult hip pathologies. In particular, hip arthroscopy has become increasingly popular in the last decade. But while some advocate hip arthroscopy as the standard treatment for intra-articular pathologies in non-arthritic hips, 5 others point out that this trend is not supported by evidence. 6 DDH is normally treated with pelvic osteotomies that can be categorized based on the surgical technique: reorientation; reshaping; and salvage/augmentation. When the triradiate cartilage has healed, periacetabular osteotomies (PAO) with re-orientating of the periacetabular fragment and preservation of the posterior column (Ninomiya and Tagawa, and Ganz et al) are now used in Europe, North America and Asia. 7, 8 The durability of total hip arthroplasty (THA) has increased significantly and has been followed by an extension of the indications. However, joint-preserving surgery presents advantages such as a low risk of dislocation and infection, and THA can be employed as a salvage procedure. This narrative review focuses on the interface between joint-preserving surgery and THA, with practical advice and an algorithm for treatment.
Diagnosis of the painful hip
A history of pain and associated symptoms and triggering injuries, movements and activities are important to diagnose hip disease. The clinical examination including the flexion-adduction-internal rotation test (FADDIR) and flexion-abduction-external rotation test (FABER) are sensible but not very specific in differentiating between pathologies. 9, 10 Although intra-articular injections with glucocorticoids have not shown long-lasting effect in patients with clinical signs of FAI, diagnostic intra-articular injection with local anaesthetic can be a valuable tool in the clinical decision-making process. 11, 12 Intra-articular injections in dysplastic hips have, however, only a very limited therapeutic value. 13 Diagnosing symptomatic patients can often be done by a clinical history and a few radiographs of the hip and pelvis (Figs 1 and 2 ), but an abundance of hip projections exists together with many other modalities (x-ray CT, MRI, ultrasonography (US)).
In young adults with sharp pain in the groin and clinical signs of hip joint pathology, a standing radiograph of the pelvis together with a false profile is mandatory. In false profile x-ray the patient is standing and the x-ray is centred on the affected hip, with the pelvis rotated 25 0 posterior and the foot on the affected hip parallel with the x-rays.
A diagnosis can be made by measuring the Wiberg CE angle, Tönnis angle, posterior wall sign (PWS), cross-over sign (COS) and prominence of the ischial spine (PRISS) on a plain standing radiograph of the pelvis (Figs 1 and 2 ). 14 These signs, unfortunately, are not very robust since they are dependent on the pelvic tilt and rotation. 15, 16 All the signs may be present on a supine pelvis radiograph, but can disappear on the standing radiograph. MRI and CT scans are normally unnecessary. A CT scan, although performed supine, may be helpful in quantitating the retroversion. Consequently, a major challenge remains to find the right patient for the right treatment. 17, 18 Developmental dysplasia of the hip: periacetabular osteotomy (PAO)
Clinical presentation
The typical patient is aged 20 to 45 years and 80% of patients are female. 19 Symptoms arise when the acetabular Fig. 1 a) Pre-operative and post-operative radiographs of a female patient. The pre-operative CE-angle was 17° on the left side and 12° on the right side. The pre-operative acetabular index angle was 19° on the left side and 11° on the right side. b) Post-operatively, the CE-angle is 30° and the AI-angle is 0°. The goal of correction is an AI-angle close to 0°. An AI-angle < 0° will cause impingement. c) One year post-operatively the osteotomies are healed. rim with a pathological labral complex is overloaded due to abnormal biomechanics in the hip joint. Symptoms are often a sharp activity-related pain located deep in the groin and can be provoked by hip flexion and internal rotation. The pain is also typical in the C-sign region and will often result in referred pain to the anterior part of the femur. The C-sign is when the patient cups their hands in a C-shape right above the greater trochanter to describe a deep interior hip pain.
Indications for PAO
Indication for a PAO is persistent pain in a dysplastic congruent non-arthritic hip (Table I) .
Surgical technique
During surgery, the acetabulum is re-oriented with adduction of the fragment in order to improve the coverage of the lateral and anterior part of the femoral head; the aim is to achieve congruity, to stabilize the hip joint, to medialize the hip joint centre and to reduce contact pressures (Fig. 1) . 8, [20] [21] [22] This will relieve pain, improve function and is likely to prevent further overload of the hip joint, thereby delaying or preventing the development of OA. 23 The PAO has several technical advantages compared with other existing techniques. 24 The posterior column remains intact, leaving the pelvis stable, allowing partial weightbearing immediately post-operatively, requiring minimal internal fixation and the dimensions of the true pelvis are maintained. 24 
Complications
Complications can be divided into moderate and severe neurovascular or technical complications (i.e. an injury to great vessels or nerves, arterial thrombosis, unintended extension of the osteotomy into the joint or through the posterior column, or deep infection) and minor complications (i.e. lateral femoral cutaneous nerve dysaesthesia, delayed union and heterotopic ossification). Moderate and severe neurovascular complications are most frequently reported to occur in approximately 0% to 5%. 8, [25] [26] [27] [28] [29] [30] [31] [32] [33] The learning curve related to the occurrence of complications affects the outcome in some studies. 8, 29, 34 Stress fracture of the ischium has recently been reported to occur in 18% 35 and obesity has recently been shown to increase the risk of a serious complication by 11 times. 36 
Results
Studies report high survival rates of the hip joint following PAO. Assessed by Kaplan-Meier analyses with conversion to THA as the endpoint, the five-year and ten-year survival rates were 90% and 84%, respectively, and a long-term study revealed a survival rate of 60% after 20 years. [37] [38] [39] Another more recent study from Lerch et al proved a good clinical result without development of secondary arthritis 30 years post-operatively for one-third of the patients. 40 Studies have identified risk factors predicting failure after PAO. 21, 32, [37] [38] [39] 41 Risk factors increasing the risk of secondary OA followed by a THA are age (> 45 years old), preoperative Tönnis grade > 1, incongruent hip joint and joint space width < 3 mm. 19 A recent study has indicated that the risk of OA is significantly reduced following PAO. 23 
Conclusions
PAO is an effective treatment for symptomatic hip dysplasia. The risk of complication is relatively low if experienced surgeons perform the operation. It is important to be aware of the predictors for failure after PAO. By identifying these factors, candidates who will benefit from PAO can be selected. However, patients at risk of early failure after PAO (age > 45 to 50 years, limited range of motion (ROM; rotation < 15°), non-congruent joint, signs of OA (Tönnis grade > 1)) can instead be offered a primary THA -even if arthritis is not yet present. Hip arthroscopy should not be performed in patients with dysplasia (CE angle < 25°) since the underlying osseous deformity present in dysplasia should be corrected first by performing a three-dimensional (3D) correction of the deformity (PAO).
Acetabular retroversion with FAI treated with reverse PAO

Clinical presentation
The typical patient is aged 15 to 35 years. In the relatively sparse literature, there is no clear association with gender. Female proportion varies from 35% 15 to 100%. 4, 42 Symptoms are typical activity-related groin pain, but may also be related to the sitting position. At clinical examination, the impingement test is positive and internal rotation may be reduced. In pronounced cases, or cases combined with CAM deformity, forced abduction can be seen in terminal flexion. Diagnosis is made from a standing radiograph of the pelvis based on the presence of COS, PWS and PRISS (Fig. 2) 
Indications for reverse PAO
The indication for a reverse PAO is persistent pain in a congruent non-arthritic hip (Table I) .
Surgical technique
The re-orientation is a combined internal rotation and flexion extension of the periacetabular fragment by removing a wedge of iliac bone. The judgement of a sufficient correction is based on the disappearance of COS and PWS on the image intensifier. In cases combined with DDH, an adduction of the fragment also has to be carried out.
Results
So far, only 71 hips with acetabular retroversion treated with a PAO have been reported in the literature. 4, 15, 44 In the study by Reynolds et al, no follow-up data are presented. 4 Siebenrock et al reported a significant improvement in clinical outcome and ROM in a study with long-term follow-up on 29 hips. 15 The cumulative tenyear survivorship, with conversion to a THA as the primary endpoint, was 100%. Four patients (14%), however, had other major re-operations due to persistent impingement. In the study by Parry et al, with an average follow-up of five years, four patients had a major re-operation, including one THA. This study also reported a significant clinical improvement. 44 Schmigelow et al found a significant improvement in clinical outcome in terms of Harris Hip Score, EQ5D and pain on VRS (Visual Rating Scale) at oneto ten-year follow-up. Two major re-operations (one THA, one re-PAO) were performed. 42 A retrospective study proved that anteverting PAO was superior to hip surgical hip dislocation with rim trimming after ten-year follow-up (79.1% vs 23.0%, p = 0.0002). 45 
Conclusions
In conclusion, results after a 3D correction of the deformity by a reverse PAO seem promising. The exact amount of correction is still a matter of debate. Further studies aimed at improving patient selection and intra-operative methods to obtain optimal correction and identify risk factors are still warranted.
Cheilectomy, rim trimming, labral reinsertion/FAI -hip arthroscopy
Clinical presentation
The typical patient has activity-related pain located deep in the groin, which can often be provoked by hip flexion, internal rotation and adduction. The pain is also typical in the C-sign region and will often result in referred pain to the anterior part of the thigh.
Indication and contraindication
The best way of identifying suitable patients for hip arthroscopy is to exclude all patients who do not benefit from hip arthroscopy (Fig. 3) . A lateral joint space width ⩽ 3mm and Tönnis grade > 1 indicate OA, which has been shown to be a predictor of suboptimal outcome following hip arthroscopy. 46 Although recent literature has shown pain relief and improved function, the rate of re-operation and conversion to total hip replacement (THR) is rather high. 47 Therefore, hip arthroscopy is not recommended in patients with radiographic signs of OA (Tönnis > 1 and joint space width < 3 mm).
Although the indications for hip arthroscopy in recent years have extended to extra-articular pathologies such as, for example, subspinal impingement, psoas tendinopathy or ischio-femoral impingement, the primary indication remains the treatment of FAI syndrome including intraarticular pathologies such as labral injury, chondral lesions, synovitis, foreign bodies and a clinically relevant cam morphology, here defined by an alpha-angle > 60°. 48 As labral injuries and cam morphologies have a relatively high incidence in the asymptomatic population, addressing hip and groin pain by hip arthroscopy should not be based solely on radiographic imaging. 49 The association of patient history, physical examination and radiographic imaging is crucial for the diagnosis of FAI syndrome as stated recently by the Warwick Agreement. 50 The advantages of arthroscopic surgery might seem obvious, such as minimally invasive, potentially faster rehabilitation and potentially reduced soft-tissue injury when compared with open surgery. The limitations of arthroscopic surgery should be considered in more challenging pathomorphologies such as slipped capital femoral epiphysis, Legg-Calvé-Perthes disease and acetabular dysplasia (CE-angle < 25°) and/or high Tönnis angle (AI-angle > 10°). 51 Some FAI-related pathomorphologies, such as significant cam morphologies with posterior or posterolateral extension, coxa profunda and protrusio acetabuli, should be considered for treatment with open surgical approach since these pathologies are too technically demanding to treat sufficiently with arthroscopy. In terms of outcome following surgical treatment of FAI, both arthroscopy and open surgical hip dislocation have demonstrated excellent and comparable results at medium-term follow-up. 52 
Surgical procedure
As it is still unknown which pathology in particular generates the intra-articular pain, usually all intra-articular pathologies are addressed during one single procedure. Generally, hip arthroscopy includes treatment of the labral pathology, but existing cartilage injuries will also require the reshaping of the head-neck junction when necessary. These procedures are most commonly performed under general anaesthesia with the patient in the supine position. Under traction, the hip joint is distracted and the central compartment is entered. The cartilage and the acetabular labrum are examined and treated depending on the degree of injury (Fig. 4) .
Cam-related injuries are usually located in the anteriorsuperior part of the acetabulum, whereas pincer-related injuries can be seen circumferentially in the chondrolabral junction. The aim is to re-establish a stable situation without loose cartilage or an unstable acetabular labrum prone to further damage by compression or impingement. It is recommended to suture the labrum to the acetabular rim as this has demonstrated superior outcome over debridement or resection alone. 47 In order to reinsert the labrum, suture anchors can be used with or without prior acetabular rim-trimming (Fig. 5) .
When the chondrolabral junction is addressed, traction is released and the peripheral compartment examined dynamically in different degrees of hip flexion and rotation. Using an image intensifier, the cam can then be removed arthroscopically (Fig. 6) . In special cases, such as in patients with borderline dysplasia (CE angle of 20° to 25° and AI-angle < 7°) or other type of hip instability (e.g. Ehlers-Danlos syndrome, previous PAO surgery), the overall opinion is to perform a capsular plication procedure to prevent further instability after hip arthroscopy, which was associated with a better clinical outcome in a mildly dysplastic cohort. 53 
Complications
Apart from general surgical complications such as infection and deep vein thrombosis, complications related to hip arthroscopy are mainly recognized as iatrogenic (e.g. cartilage and labral injuries), traction-related (e.g. extra-articular nerve affection, neuropraxia) and nerve injury-related to portal placement. 54, 55 A rare but potentially dangerous complication with abdominal fluid extravasation can be observed in 0.04% of patients. 56 Within the first weeks after surgery, up to 46% of all patients report temporary nerve affection described as numbness or reduced sensibility either directly around the arthroscopic portals or indirectly around the area to which traction has been applied. The overall complication rate is reported to be in the range of 4% to 7.5%, while major complications, such as avascular necrosis of the femoral head, femoral neck fracture or hip Fig. 4 A typical cam-type labral lession located supero-anterior in the hip joint. The labrum shows signs of synovitis and is partially detached from the acetabular socket. Often adjacent delamination of the cartilage, described as wave sign, can be seen, too.
Fig. 5
After addressing all intra-articular pathologies, such as potential subspinal impingement, ligamentum teres pathologies, cartilage lesions, etc., a moderate acetabular rim trimming is performed, followed by a re-attachment of the acetabular labrum lesion with suture anchors. By stabilizing the chondro-labral junction joint congruence the labral suction seal is re-established.
instability with anterior dislocation, are rare conditions with a rate of approximately 0.45% to 0.58%. 47, 54, 55, 57 
Results
Recent studies show symptomatic improvement with better hip outcome scores, high patient satisfaction and a low complication rate. Clinically relevant improvement can usually be seen within three months after surgery. 49, 58, 59 Data from the Danish Hip Arthroscopy Registry (DHAR) have demonstrated significant improvements in all subscales of The Copenhagen Hip and Groin Outcome Score (HAGOS), EQ-5D, HSAS (Hip Sports Activity Scale) and NRS (Numeric Rating Scale) at both one-and two-year followup in a FAI cohort consisting of 2000 hip arthroscopic procedures. 60 Nonetheless, it has to be mentioned that the existing studies are mainly level IV cohort studies without control groups, which is why further studies are needed. The re-operation rate has been described to be in the range of 4% to 6.3%. 54 The most common reason is the conversion to THR in around 2% to 3%, which is closely related to the pre-operative cartilage status. 46, 61 
Conclusions
Radiographic signs of labral injuries, cam or pincer morphologies are frequent findings in the asymptomatic population and should therefore not be over-interpreted. The decision-making process must be based on correct radiographic imaging and clinical examination. Intraarticular injection with local anaesthesia can be a helpful tool in identifying patients suitable for hip arthroscopy. In case of proper patient selection, significant improvement after hip arthroscopy for FAI can be expected within three months after surgery.
Discussion
Selection of patients is essential for surgical success. Meeting young hip patients in clinical practice, the surgeon will face the dilemma of choosing between hip arthroplasty surgery or hip joint-preserving surgery. In order to offer the best treatment, the hip surgeon needs to make evidence-based decisions.
Risk factors: osteoarthritis, age, bone quality, obesity
At the present time, no randomized controlled trials comparing PAO with THA have been published, and only a few papers compare these treatment options. With a short-term follow-up of six years, Gray et al 62 reported no differences in patient-reported outcomes between PAO and THA with similar demographic details (age < 40 years). Complication rates were low and similar in each cohort (p = 0.68). Investigating clinical outcome and quality of life in patients aged > 40 years with a mean follow-up of four years, Garbus et al 63 demonstrated better quality of life in the THA group compared with the PAO group. Millis et al 64 retrospectively evaluated PAO for acetabular dysplasia in patients aged > 40 years. The results suggest that PAO will give satisfactory function and pain scores in patients aged > 40 years having dysplastic hips as long as there was only mild or no OA. Of great importance is that the risk of THA at five years after PAO was 12% in hips with pre-operative Tönnis Grade 0 or 1 and 27% for Tönnis Grade 2. For hip arthroscopy, the same consensus exists and it is well established that preoperative OA is a predictor of a poor result. 46 When comparing patients aged < 30 years and > 50 years, equal improvement was observed in both groups regarding patient-reported outcome measures (PROMs) and pain reduction, although for the older group conversion to a THA within the first two years was observed in 17%. 65 The influence of pre-operative OA may be the best described and most important parameter predicting outcome of PAO and hip arthroscopy. Recent papers by Millis et al, 64 Dahl et al 66 and Hartig-Andreasen agree that OA more than Tönnis Grade 1 is an important single predictor for poor clinical outcome and conversion to THA after PAO. 19 All papers demonstrate that PAO will give excellent functional outcome and reduction of pain in patients with mild (Tön-nis Grade 1) or no OA (Tönnis Grade 0).
Two recent studies investigate whether obesity is a risk factor for major complications following PAO. 36, 67 The studies demonstrate that body mass index (BMI) > 30 kg/m 2 is associated with a 22% major complication rate whereas patients with BMI < 30 kg/m 2 have a 3% risk of major complications. Hence, the odds of an obese patient developing a major complication were 11 times higher. Obesity did not compromise adequate radiographic correction of acetabular dysplasia.
Another important issue has been explored by Malviya et al, 35 who analysed the incidence of stress fracture after PAO under the care of two high-volume surgeons (359 patients included, mean age 31.1 years (15 to 56), with a mean follow-up of 26 months). Eighteen percent of the patients developed a stress fracture of the inferior pubic ramus, which was noted radiologically at a mean of 9.1 weeks after surgery. All studies addressing age demonstrate that age per se is a relative contraindication for PAO, whereas pre-operative OA (Tönnis > 1) and decreased bone quality are more important predictors of a poor result after PAO.
Concominant femoral osteotomy
In adults and adolescence, often the decision to add a proximal femoral osteotomy is made to improve joint congruency and/or ROM, or to improve the weight-bearing area in a hip joint with secondary arthritis. 68, 69 Several studies, however, point out that these procedures carry a poor prognosis giving poor results, and therefore we consider bad joint congruency, decreased ROM and arthritis as contraindications for PAO surgery (Tables 1 and 2 ).
Hip arthroscopy: FAI versus dysplasia
Hip arthroscopy in patients with mild to moderate acetabular dysplasia, defined by a CE-angle of 19° to 25°, recently demonstrated short-term improvements in post-operative outcome comparable with those with an CE-angle > 25° in a study by Nawabi et al. 70 In a similar study, Larsen et al 53 concluded that isolated arthroscopic procedures in patients with dysplasia (average CE-angle 20.8°) leads to improvements in patient outcome, though it was inferior when compared with a FAI cohort. Hence, an improved functional outcome but a high risk of repeated surgery and subsequent THA can be expected. Hip arthroscopy in this group of patients should therefore be considered cautiously. 71 The prospect of undergoing a less invasive surgical treatment increases the demand from patients with conditions with a relative contraindication for hip arthroscopy, such as hip dysplasia, acetabular retroversion and arthritis. If these conditions, although they are relative contraindications for hip arthroscopy, are combined with a cam deformity, the surgeon might consider isolated treatment of the cam deformity arthroscopically if the patient still experiences pain and discomfort after PAO. If these patients are considered for treatment arthroscopically following PAO, it is recommended to inform the patient thoroughly as some studies indicate that hip arthroscopy in this group of patients leads to inferior outcome compared with non-dysplastic FAI patients. 53 
THA as a salvage procedure
It can be argued that a previous PAO poses technical difficulties and may increase the incidence of complications after THA. Parvizi et al 72 evaluated 41 patients who had THA after PAO with a follow-up averaging 6.9 years. In this series, 50% of the cups were retroverted but there were no dislocations. Two THAs were revised due to 
Conclusions
Several excellent treatments now exist for the painful non-arthritic hip in younger patients. Dysplasia (CE < 25°) or retroverted hips should receive a PAO, whereas patients with FAI and/or labral tears should receive a hip arthroscopy. Future research should focus on the socio-economic consequences of joint-preserving surgery and THA surgery. Furthermore, there is no uniform definition of outcome. It is important to discuss whether the duration of the period from joint-preserving surgery to THA is the best parameter for describing the success of hip joint-preserving surgery.
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